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979.8t 981.8u 983.8v 985.8w 987.8x
307 GHz + y ν [MHz]
12C32S
v = 14z
















610.0} 620.0} 630.0} 640.0} 650.0} 660.0}
1 003 GHz  +  ν [MHz]
12C34S
J = 21 <− 20~


















715.0 725.0 735.0 745.0 755.0 765.0
915 GHz +   ν  [MHz]
13C33S














250.0} 270.0} 290.0} 310.0}
1 051 GHz + ν  [MHz]
12C32S
v = 9
J : 23 <− 22~


























576.0· 586.0· 596.0· 606.0· 616.0·
1 043 GHz  + ν  [MHz]
12C36S
v = 0¸
1 043 592.255 [MHz]
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1/2( ω      +     ω    ) 1/2( ω      +     ω    )
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1 





































































































































































































































































































































































































































































































































































































































































































































































































CED D FGD D






X H X c XZY[]\Z\TYV_gchYTYiajXZeTb chkﬁ_ XT[
W W




XZY[]\Z\TYV_ ^T\<mnajXZeTb kV_ XT[
W



































































[ [ H ^ ^ ^T^
W
cZcfYV_gchYT\okT\naykZe<b YV_dcfk
[ Y H ^ [ ^T^
W
cZcfYV_gchYT\okT\naykZe<b YV_dcfk





[ ^ H ^ ^ ^T^
W
cZcf\V_ eT[Z\o\Tenap^TeTeTb ^ﬁ_ eZ^


































Y qwPs r H [ qrts r [
W
czmcxm_ X\Te`^[VajXZeZe<bv X_ ^X
Y [ H [ [ [
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IªJ KMLNtO QZRjS<J UVLNPO
m m H Y m Y<Xe
W
eTXV_ XZkZeM[x^nap^<eZe<b ^;_ me







m Y H Y [ Y<Xe
W
e^;_ eTeTX¬XZX¬aykTeZe<b XV_ \Ze
m m H Y Y Y<Xe
W
e^;_ eTeTX¬XZX¬aykTeZe<b XV_ \Ze
m \ H Y m Y<Xe
W
e^;_ eTeTX¬XZX¬aykTeZe<b XV_ \Ze
m q
{











































\ m H m m mZeZ\­\<m\ﬁ_ \TeZY¬YT[¬ap^<eZe<b [V_ e
W





















cfe k H k \ \T\T[]k<meﬁ_ YTk^Mk¬a8cfeTeTb XV_ eZe
cfe cfe H k k \T\T[]k<meﬁ_ YTk^Mk¬a8cfeTeTb XV_ eZe
cfe cTc H k che \T\T[]k<meﬁ_ YTk^Mk¬a8cfeTeTb XV_ eZe
cTc cfe H che k k<mx^­^<\TmV_dcfkZk¬\¬a8cfeTeTb cT_ eT[
cTc cTc H che che k<mx^­^<\TmV_dcfkZk¬\¬a8cfeTeTb cT_ eT[













































265 GHz + ² ν  [MHz]


































503.0Õ 504.0Ö 505.0× 506.0Ø 507.0Ù
354 GHz + Ú ν  [MHz]







443 GHz + Ú ν  [MHz]
 



















531 GHz + æ ν  [MHz]















301.5í 302.5î 303.5ï 304.5ð 305.5ñ 306.5ò
620 GHz + ó ν [MHz]









































708 GHz + Ú ν  [MHz]









797 GHz + Ú ν  [MHz]
J = 9 <− 8
797 433. 235 8 [MHz]ý
³¥´&´0µy¶y·&¸&¹&ºMÊÊ»Ó'¸'´ÝÜÇM¼½&½¶p¾¿­Ó½¾WÆªÀf¿x¾V¹Ð·'¾¿ ÄÛ¬´)¾¿º
Ä
Å¹'º¾¬Æ6Ç âF¾ àl¸&¹&·ÌÆ6ÇþëF¾ ânË¼¹ßÍnÎ	Ì
µyÁáàMµy´&¿ÅÀxµp¼¹&Ãxº¿¸&¹&·'âV¸ÃfÀxÅ¹&·
970.49ß 970.59ß 970.69ß 970.79ß 970.89ß
885 GHz  +    ν  [MHz]
   
J = 10 <− 9
885 970.694 5 MHz

487.00 487.10 487.20 487.30 487.40
974 GHz  +   ν  [MHz]
J = 11 <− 10





Å¹&º¾ÒÆ%Ç ºW» ¾ ëø¸&¹·ÆßÇ ºº6¾ ºW»øË¼¹
ÍnÎTÌ µyÁ ànµp´&¿ZÅÀxµp¼¹&Ãfº¿¸¹&·'âV¸&ÃfÀxÅ¹·
³¥´ ·'¾VÁ o ¼ÀxÅÀxµp¼¹Ã
Ä
¸'´¾¿xºÅ¹'ºìÆìÇáë¾ â©Ãxµy¹&·°Æ¾Vµy¹'¾øÍZ×ª½¾¿>ß¾Vµy¹&Æ¼ÁÌ½)¼¹&¾V¹EÀf¾V¹ÁÌµpÀSêËü
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IªJ KMLNtO QZRjS`J UVLNPO








[ [ c H ^ ^ Rc ^Z^
W
e<[kﬁ_ Y<meoY;ajXZeTb cf\





[ Y c H ^ [ Rc ^Z^
W
e<[kﬁ_ mTmx^¥Y;a8cfeTb cfe











Y Y Rc H [ Y c [
W
cYZ^TYﬁ_ kZ^Z^¥Y;aj[ZeTb \ﬁ_ e
Y q
{








Y Y Rc H [ [ c [
W
cYZ^T\ﬁ_ ^T^Te¥[ﬁajXZeTb cT_ k
Y [ Rc H [ ^ c [
W
cYZ^T\ﬁ_ ^T^Te¥XﬁajXZeTb cT_ k
Y m Rc H [ Y c [
W
cYZ^T\ﬁ_ [Vcheo\;ajXZeTb cT_ ^
Y q
wPs r

































































m m c H Y m Rc YTXTe`XTXZXV_ kTYZ\`^ﬂaj[ZeTb \ﬁ_ X
m q«Ps
{






_ mZYTX`e;a8cfeTb cTcZ_ [





m m c H Y Y Rc YTXTe`XTXx^;_ [^<[o[ﬁa
W
eTb ch^ﬁ_ ^





s w c H Y qwPs w Rc YTXTe`XTXZ[V_
W
YZk¥Xﬁaj[ZeTb cT_ ^
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\ \ Rc H m \ c me<\`m\Z^;_ X
W
Y¥mﬁaj[e<b cT_ \
\ q ® s « Rc H m q«Ps « c me<\`m\<[V_ eZYTe¥XﬁayYZe<b \ﬁ_ ^
\ m Rc H m Y c me<\`m\<[V_ \T[Z\oY;a
W
e<b cfYﬁ_ \
\ \ Rc H m m c me<\`m\<[V_ \T[Z\¥[ﬁa
W
e<b cfYﬁ_ \
\ k Rc H m \ c me<\`m\<[V_ \T[Z\¥mﬁa
W
e<b cfYﬁ_ \
m q«Ps { Rc H Y q { s { c me<\`m\TYﬁ_ YZk
WoW
ayYZe<b cT_ ^
\ m Rc H m m c me<\`m\<mV_ [
WTW
mﬁaj[e<b cTcT_ \





















































che cfe Rc H k k c \Z\[]\T[T[V_ mkTeoYMa
W
eTb Yﬁ_ k







































cZc cfe Rc H che k c kTmTk`X\Z^;_ [
W
c¥a8cfeTb ^;_ e
cZc cTc Rc H che cfe c kTmTk`X\Z^;_ [
W
c¥a8cfeTb ^;_ e
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[ [ X H ^ ^ R8X ^T^[¥cx[ZXV_ kZ^
W
aj[Zb XV_ [
[ Y X H ^ [ R8X ^T^[¥cx[ZXV_ kZ^
W
aj[Zb XV_ [





[ [ RX H ^ ^ X ^T^[­XZeTmV_ mZYTXiaj[Zb
W
_ [
[ Y RX H ^ [ X ^T^[­XZeTmV_ mZYTXiaj[Zb
W
_ [

















Y Y RX H [ [ X [
W
^Mcx[kﬁ_ XTmZ[iay\Tb \ﬁ_ k
Y [ RX H [ ^ X [
W
^Mcx[kﬁ_ ^<\T[iay\Tb cx[V_ Y
Y m RX H [ Y X [
W
^Mcx[kﬁ_ ^<\T[iay\Tb cx[V_ Y




Y [ X H [ ^ R8X [
W
^oXT[Z[V_ ^;chelay\Tb ch^;_ [
Y m X H [ Y R8X [
W
^oXT[Z[V_ ^;chelay\Tb ch^;_ [





















m Y X H Y [ R8X Y<X
W
cx[ZXV_ kZ^<Xiay\Tb XV_ [
m m X H Y Y R8X Y<X
W
cx[ZXV_ kZ^<Xiay\Tb XV_ [
m \ X H Y m R8X Y<X
W
cx[ZXV_ kZ^<Xiay\Tb XV_ [























[V_ mTXYlay\Tb [V_ k
m Y e H [ e Y<X
W­WTW
Yﬁ_ YﬁcfXiay\Tb [V_ ^
m m e H Y Y e Y<X
W­WTW
Yﬁ_ YﬁcfXiay\Tb [V_ ^
m \ e H Y m e Y<X
W­WTW
Yﬁ_ YﬁcfXiay\Tb [V_ ^
m q{
s w























IEJ KMLNPO QZRjS`J UVLNPO
k \ X H \ m RX \TeﬁceTkﬁcZ_ k<[Zk¬X¬ay\Ze<b mV_ k
k k X H \ \ RX \TeﬁceTkﬁcZ_ k<[Zk¬X¬ay\Ze<b mV_ k
k cfe X H \ k RX \TeﬁceTkﬁcZ_ k<[Zk¬X¬ay\Ze<b mV_ k
k \ e H \ m e \Teﬁc]cfk<[_ [ZkTeo^nay\Ze<b XV_dc
k k e H \ \ e \Teﬁc]cfk<[_ [ZkTeo^nay\Ze<b XV_dc
k cfe e H \ k e \Teﬁc]cfk<[_ [ZkTeo^nay\Ze<b XV_dc
k \ RX H \ m e \TeﬁcG^XZeV_ mZeTelay\<b \ﬁ_ ^
k k RX H \ \ e \TeﬁcG^XZeV_ mZeTelay\<b \ﬁ_ ^
k cfe RX H \ k e \TeﬁcG^XZeV_ mZeTelay\<b \ﬁ_ ^
cfe k RX H k \ X \TkTe]e
WTW
_dch^<elayk<b XV_ ^
cfe cfe RX H k k X \TkTe]e
WTW
_dch^<elayk<b XV_ ^
cfe cTc RX H k cfe X \TkTe]e
WTW
_dch^<elayk<b XV_ ^















cfe k X H k \ RX \TkTe^<\Z^ﬁ_ m^miayk<b XV_ \
cfe cfe X H k k RX \TkTe^<\Z^ﬁ_ m^miayk<b XV_ \
cfe cTc X H k cfe RX \TkTe^<\Z^ﬁ_ m^miayk<b XV_ \
cTc cfe e H cfe k e k<mZ\]\<mTm_ \Tk<[iayk<b cT_ \
cTc cTc e H cfe cfe e k<mZ\]\<mTm_ \Tk<[iayk<b cT_ \
cTc cxX e H cfe cTc e k<mZ\]\<mTm_ \Tk<[iayk<b cT_ \
cTc cfe X H cfe k RX k<mZ\]k<[TX_ [
W
Xia8cfeTb cfeV_ Y
cTc cTc X H cfe cfe RX k<mZ\]k<[TX_ [
W
Xia8cfeTb cfeV_ Y
cTc cxX X H cfe cTc RX k<mZ\]k<[TX_ [
W
Xia8cfeTb cfeV_ Y
cTc cfe RX H cfe k X k<mZk­[T[
W
_ \ﬁcx[ia8cfeTb eﬁ_ \
cTc cTc RX H cfe cfe X k<mZk­[T[
W
_ \ﬁcx[ia8cfeTb eﬁ_ \
cTc cxX RX H cfe cTc X k<mZk­[T[
W
_ \ﬁcx[ia8cfeTb eﬁ_ \
783p 785p 787p 789p
708 GHz + q  ν  [MHz]
HCN, vr 2 = 1
f
J = 8 <− 7
284.25s 284.45s 284.65s
979 GHz  + t ν   [MHz]
HCN , v2=1
f










483.0Õ 484.0Ö 485.0× 486.0Ø
890  GHz +   ν   [MHz]
HCN, v 2 = 2
e
J = 10 <− 9
890 484.746 7 (30)
      [MHz]
553.5 553.7 553.9 554.1
979 GHz +  ν  [MHz]
HCN, v 2 = 2
f


















































































KML NNDNOOP NOQRNJSTNUDV NDNNOOP NDR!UWSXRY!V[Z \^]5_
3 L YP YDQD`DO,NNDNASXQQ!V YWP YQ!UDOaNOSXb!V Z \^]5_
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ÔØ× ÓDÔÙÔ ÕyL2Ô6Ô Õ
ê
Ô6Ô ÚÛ \^]M_1Ü ?
hiÝ
Û pW]M_1Ü
R R N × O O R OdaUO,RDQP fODfﬀSifDV d	OP Y
R R O × O O d OdaUO,RDQP fODfﬀSifDV d	OP Y
R R R × O O O OdaUO,RDQP fODfﬀSifDV d	OP Y
R N f × O R N OdaUO,RDQP bYDY¸STNV OP `
R N R × O R O OdaUO,RDQP bYDY¸STNV OP `
R N N × O R R OdaUO,RDQP bYDY¸STNV OP `
N R N × R O R O,QD`b,NDNWP U,QD`¸Sed	YDV dQWP R
N R R × R O O O,QD`b,NDNWP U,QD`¸Sed	YDV dQWP R
N R O × R O d O,QD`b,NDNWP U,QD`¸Sed	YDV dQWP R
N N f × R R N O,QD`b,NDNWP `,N!R¸Sed	YDV d1NJP f
N N N × R R R O,QD`b,NDNWP `,N!R¸Sed	YDV d1NJP f
N N R × R R O O,QD`b,NDNWP `,N!R¸Sed	YDV d1NJP f
N f f × R N N O,QD`b,NDNWP `,N!R¸Sed	YDV d1NJP f
f f f × N f f Rb!O¹Y,NDNWP6dYDb¸Sed	YDV YPCd
f f b × N f b Rb!O¹Y,NDNWP6dYDb¸Sed	YDV YPCd
f f N × N f N Rb!O¹Y,NDNWP6dYDb¸Sed	YDV YPCd
f N N × N R R Rb!O¹Y,NfP bQ!UﬀSed	YDV dP b
f N R × N R O Rb!O¹Y,NfP bQ!UﬀSed	YDV dP b
f f N × N N N Rb!O¹Y,NfP bQ!UﬀSed	YDV dP b
f f b × N N f Rb!O¹Y,NfP UUDOUWSODV OP f
f f N × N N R Rb!O¹Y,NfP UUDOUWSODV OP f
f f f × N N N Rb!O¹Y,NfP UUDOUWSODV OP f
f b U × N f b Rb!O¹Y,NfP UUDOUWSODV OP f
f b b × N f f Rb!O¹Y,NfP UUDOUWSODV OP f
f b f × N f N Rb!O¹Y,NfP UUDOUWSODV OP f
f N f × N N f Rb!O¹Y,NUP bbD`¸Sed	YDV dP R
f N R × N N R Rb!O¹Y,NUP bbD`¸Sed	YDV OP f
f N N × N N N Rb!O¹Y,NUP bbD`¸Sed	YDV OP f
f
mMÞCß1à á8âXà Þ6ã³à ß2â
× N
mMÞ6ã³à ß2âià Þ6ã³à ß2â
Rb!O¹Y,NDNWP `,NJdSed	YDV YP b
f
mMÞCß1à ß2âXà Þ6ã³à ã8â
× N
mMÞ6ã³à ã8âià Þ6ã³à ã8â
Rb!O¹Y,NDNWP `,NJdSed	YDV YP b
U b f × b f b f,YDbQDODfP OfR¸Sed	YDV dRWP f
U b U × b f b f,YDbQDODfP OfR¸Sed	YDV dRWP f
U b f × b f b f,YDbQDODfP OfR¸Sed	YDV dRWP f
U b b × b f f f,YDbQDODfP OfR¸Sed	YDV dRWP f
U b f × b f b f,YDbQDODfP OfR¸Sed	YDV dRWP f
U U Q × b b U f,YDbQDODfP OfR¸Sed	YDV dRWP f
U U b × b b U f,YDbQDODfP OfR¸Sed	YDV dRWP f
U U b × b b f f,YDbQDODfP OfR¸Sed	YDV dRWP f
U U U × b b b f,YDbQDODfP OfR¸Sed	YDV dRWP f




ÔØ× ÓÔÙÔ ÕyL2Ô6Ô Õ
ê
ÔäÔ ÚåÛ \^]5_1Ü ?
hiÝ
Û p]M_1Ü
Q Q ` × U Q ` fDU`d	``WP N!b,NæSXRY!V R`WP Y
Q Q U × U Q U fDU`d	``WP N!b,NæSXRY!V R`WP Y






mMÞ=é1à ç2âià ÞCé1à ç2â
fDU`OYYWP O`RSedY!V dYWP N
Q
mMÞCç1à é2âXà ÞCé1à á8â
× N
mMÞ=é1à á8âià ÞCé1à á8â
fDU`OYYWP O`RSedY!V dYWP N
Q U b × U b f fDU`OYdDPCd	RDf¸SedY!V d`WPCd
Q U U × U b b fDU`OYdDPCd	RDf¸SedY!V d`WPCd
Q Q ` × U U Q fDU`OYdDPCd	RDf¸SedY!V d`WPCd
Q Q U × U U b fDU`OYdDPCd	RDf¸SedY!V d`WPCd
Q Q U × U U Q fDU`OYdDPCd	RDf¸SedY!V d`WPCd
Q Q Q × U U U fDU`OYdDPCd	RDf¸SedY!V d`WPCd
Q U Q × U Q Q fDU`OYdDPCd	RDf¸SedY!V d`WPCd
Q ` d	Y × U Q ` fDU`OYdDPCd	RDf¸SedY!V d`WPCd
Q
m
ÞCé1à ç2âXà Þ6á³à á8â
× U
m
ÞCá³à é2âià Þ6á³à é2â
fDU`OYDOP YDbDfWSed	YDV OP f
Q
m
ÞCé1à á8âXà Þ6á³à á8â
× U
m
ÞCá³à ß2âià Þ6á³à ß2â
fDU`OYDOP YDbDfWSed	YDV OP f
Q U U × U U U fDU`OYDOP `!f,`SXRY!V d`WPCd
Q
m
ÞCé1à á8âXà Þ6á³à á8â
× U
m
ÞCá³à ß2âià Þ6á³à ß2â























UDOR`Wd	UP N!R,NæSedY!V YP O
dY dY d	Y × ` ` d	Y UDOR`WdQWP R!O,YSedY!V fP f
dY ` Q × ` Q Q UDOR`WdQWP R!O,YSedY!V fP f
dY dY d	Y × ` ` d	Y UDOR`WdQWP R!O,YSedY!V fP f
dY dd dDd × ` d	Y d	Y UDOR`WdQWP R!O,YSedY!V fP f
dY dY dDd × ` ` d	Y UDOR`WdQWP R!O,YSedY!V fP f






















à ç2âXà ÞCç1à é2â
× `
m
Þ=ç1à é2âià ÞCç1à é2â

























U`DbODffP `DRDf¸SedY!V fP b
dd d	O ` × d	Y dDd daO U`DbODf,bWP Q!Of¸SedY!V fP Y
dd d	O daO × d	Y dDd dDd U`DbODf,bWP Q!Of¸SedY!V fP Y
dd dd daO × d	Y d	Y dDd U`DbODf,bWP Q!Of¸SedY!V fP Y








































U`DbODffP `DRDf¸SedY!V fP b
dR d	O d	R × daO dDd daO `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
dR d	O dDd × daO dDd d	Y `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
dR d	O daO × daO dDd dDd `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
dR d1N daf × daO d	R dN `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
dR d1N d	R × daO d	R daO `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
dR dR dN × daO daO d	R `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
dR dR daO × daO daO dDd `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
dR d1N dN × daO d	R d	R `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
dR dR d	R × daO daO daO `N!YQDQbWP UbbDQ¸Sed	Y!V YP f
199.2ê 201.2ë 203.2ì
579 GHz  + í ν  [MHz]
DCN ( Lamb−Dip)î






916.5ð 917.5ñ 918.5ò 919.5ó 920.5ô
723 GHz  + õ ν  [MHz]
DCN  (Lamb − Dip)ö










254.7 255.7ú 256.7ð 257.7ñ 258.7ò
796 GHz + õ ν  [ MHz]
DCN (Lamb − Dip)




940 GHz + ü  ν  [MHz]
DCN  ( Lamb − Dip)
J = 13 <− 12























































K®è RDbDOYUP N!b!O,RDRWSiOdaV Rb!O,YUP N!bDODUWSiOV[Z \^]5_
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f × N N!RWdb!f,`WP UQYJSed	YDV RWP `
b × f fdaU¹`Db`WP Q!OfWSed	YDV YWP b
U × b bDYNObDUP `WdQJSed	YDV bWP Y
Q × U bD`DYfDfOP YDQQJSXY!fV OPCd
` × Q UDUbQ!O,YWP RWd`JSXY!fV YWP f
dY × ` QDbDRY!U,YWP bDR,NASXY!fV dDP N




=Ô × =Ô Ô ÚåÛ \^]M_1Ü ?
hiÝ
Û p]5_³Ü
f × N NDR!YO,R!fP RYD`QJSif,Y!V bP R
b × f fdabO,bDYWP bDfbbJSif,Y!V fPCd
U × b bYOOU,NJPCdR!URJSif,Y!V dP Q
` × Q UUNOfDUP bDfd¹OWSiU,Y!V OP b
d	Y × ` Qb!YOORWP UOd¡RJSiU,Y!V bP Y
dDd × d	Y `,Nbd	UYWP YDfbQJSiU,Y!V OP f
þ%´x¸¹þ&¬R®k´Q°·ª@¬R®kÌ&¬Ł°¹Ł®@¬R®@µ¯¹Y°·ªŁ»¨ ²D´x¸@±O»¬Ł° ±Ł´Q°#½Ł¹Y°Ä ´Q°!ª@´Q­¯®k´Q° ´Q°»cªk¹Ł®k¹Ł¥D¹Y¶´x¸@´Q°!½Ł¹Y°?>;¸@´Q¨ ÑŁ´x¸
´x®¬Ł­ÐÉÊÀ  áRÃ Ł¹Y°·°¦®k´"²OµªﬃµT°#Ä ´Q°¢X´x¸e¬Ł ´x¸@®kÌx²D´x¸@´QµTe#´x¸@Ü´Qµ¯®k´x¸@®´x¸Ä·´Q°!¨·°·Ä­µ¯´x© ´x¸®;¶#µ¯®$¹Y¶# ¾2´x¸®k´Q°
818@ 819@ 820A 821A 822A 823A
776 GHz + B  ν  [MHz]
H13CN ( Lamb − Dip)
J = 9 <− 8
776 820.319 MHzC
169.5D 170E 170.5ô
946 GHz +F  ν  [Mhz]
HC15N ( Lamb − Dip)
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K®è NDRWd	U!YWPCdaO,bDQDbWSXQN!V NDRWdaU!YPCdaOQRDRWSedDdaV N!RDYDOUP bNDb!U,RJSiU`DV NDRDYDO!UP bNDbD`WSiO,NV \^]M_
3è YWP YDQDO`DQQDYWSiUR!V YP YDQ!Od	YYJSed	YDV YWP YDQDORY!ODUSiURDV YWP YDQDODOaNUWSiO,b!V \^]M_
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d × f d f,RO¹``!OP `DUDfÂSed	YDV YWP U
b d × f
h
d f,R!Qf,RDRWP Q`DQﬀSed	YY!V dDd	RP U
U d × b
h
d bDOWd­UUbWP fOYﬀSXRDYDV dNWP R
U R × b
h
R bDONN!ORWP bdDdSifYDV R!UP `
U
h
R × b R bDONN!ODfP b`DRﬀSifYDV ODUP b
U
h
d × b d bDODQO,R!UP bbDYﬀSXRDYDV bWP O
Q
h
d × U d UdaYf,R!UP U,bDYﬀSifYDV ODfP Y
Q d × U
h
d Ud,U¹`daUP N!UDOÂSedaf,Y!V b!OP Q
` d × Q
h
d U,`!`OURWP UfDfÂSifYDV d	`P R
` R × Q
h
R QYOUUDOP bYDYﬀSed	YY!V daOdP N
`
h
R × Q R QYOUU`WP U,Q!UÂSed	YY!V d	Y!UP b
`
h
d × Q d QYUf,bD`WP RQDYﬀSifYDV YWPCd
d	Y
h
d × ` d QQU¹`QWdDP NDQDYﬀSifYDV `WP R
d	Y
h
R × ` R Q`Jd`RDYWP b,NfÂSifYDV QWP `
d	Y R × `
h
R Q`Jd`,N!RWP R`DbﬀSifYDV UP `
d	Y d × `
h
d Q`UdQD`WP QbWdSifYDV QWP N
dDd d × dY
h










KgL NDNDbDbOP UaN!`QJSiO,N!V \^]M_
















555n 565o 575p 585q
807 GHz + r  ν  [MHz]
HCN, v2 s  = 3
1f















802 GHz + r  ν  [MHz]
HCN, v2 =3
J = 9 <− 8
































=Ô f ÔØ× =Ô Ô f Ô Ô ÚÛ \^]M_1Ü ?
hiÝ
Û p]5_1Ü
f d × N
h
d N!RJd­f,RDRP RDUDUÂSiOYDV ODfP U
f
h
d × N d N!R!RbQDYP fOQﬀSiOYDV dDP f
b
h
d × f d fd,U¹QdaUP `,NOÂSed	YDV ODOP f
b d × f
h
d fDODYR`DRP `DORﬀSiOYDV d	YWPCd
U d × b
h
d bDYDNY`DYP faN!RﬀSiOYDV bWP R
U
h
d × b d bDYU¹Y`NWP `R!fÂSiOYDV ORWP Y
Q
h
d × U d bD`!YR,N!`P6d	ORﬀSiOYDV d	`WP b
Q d × U
h
d bD`!RU,QWdP N!UDOÂSiOYDV OdDP b
` d × Q
h
d UDUDbf,`WdP bR!UÂSiOYDV dDdDP U
`
h
d × Q d UQ!Y¹N!fdP bd	YﬀSifYDV d	bWP R
d	Y
h
d × ` d QDbO¹Qd	bP6dRDQﬀSiOYDV ODOP `
d	Y d × Q
h
d QDbUdYDRP RQDYﬀSiOYDV dDdDP `
dDd d × dY
h
d `N`YDOYP ff,N¸SiOYDV d	QWP `
dDd
h












Ô × =Ô Ô
f
Ô Ô ÚåÛ \^]M_1Ü ?
hiÝ
Û p]5_1Ü
f Y × N Y NDR!Rb,NfP U,RD`ﬀSiOYDV QWP U
f
h
O × N O NDR!R¹NDb!OP RDUQﬀSXRDYDV dDdDP R
f O × N
h
O NDR!Rfd	RWP R`DQﬀSXRDYDV d	QWP R
b O × f
h
O fODYdR!OP YbDQﬀSiOYDV OQWP Q
b
h
O × f O fODYOOdDP RbDRﬀSiOYDV NJdDP U
b Y × f Y fODYRDORWP U,QN¸SXRDYDV fRWP `
U
h
O × b O bY!bU,QD`WP RDUYﬀSifYDV ORWP b
U O × b
h
O bY!b`R!OP OaN!RﬀSXbDYDV d	Y!UP Y
U Y × b Y bY!b`DURWP `DUYﬀSifYDV daOQP Q
Q
h
O × U O b`!Rb,N!bWP NDQDbﬀSedaf,Y!V d	Q!OP f
`
h
O × Q O U,Q!YYDfQWP ffDfÂSiOYDV R!fP `
` Y × Q Y U,Q!Yd	UDOP f,YDYﬀSiOYDV d	RWP N
d	Y O × `
h
O Qb!bbbDbWP OO,N¸SiOYDV daUPCd
d	Y
h
O × Q O QbU¹YQDbWP bdafÂSiOYDV RWP f
98 108|
867 GHz + } ν  [MHz]
H13CN , v2=1
f
J = 10  <− 9 
867 103.163 MHz~
650 660 670 680
866 GHz + B ν  [MHz]
H13CN, v2 = 2
e





























f d × N
h
d N!R!Yd`!UP QRDYﬀSiOYDV OYWP Y
f
h
d × N d N!RO¹Rd	bP Y,NUÂSiOYDV dNJP R
b
h
d × f d fdabOdafP NDbDYﬀSiOYDV bWP U
b d × f d fdaQUfbP bDURﬀSiOYDV OdDP `





d × b d bDYfdQ!fP YRDYﬀSXbDYDV RWdDP O
` d × Q
h
d UDUN^dQDQP QdafÂSXRDYDV ODUP f
`
h
d × Q d UDU!U¹``DbP UOYﬀSiOYDV QWPCd
d	Y
h
d × ` d QDb!Yd1N!bP U,Y!fÂSiOYDV NJP Y
d	Y d × Q
h
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356.0ð 366.0ð 376.0ð 386.0ð 396.0ð
864 GHz + F ν  [MHz]
HC15N, v2=1
f
J = 10 <− 9ô
864 375.895 [MHz]
35 45 55 65





































f Y × N Y N!RDO¹R!U,YWP QD`RSXRY!V dP R
f O × N
h
O N!RDODO,RDbDbDfDO,b!USXRY!V RP Q
f
h
O × f O N!RDOd	QQWP U,NDYSXRY!V fbP6dQ
b O × f
h
O fdQbDYRWP QNWd^Sif,Y!V fRP Y
b
h
O × f O fdQbDQDUP N!bbSiO,Y!V UP N
U
h
O × b O bDYDf¹YDYbWP fDUU¸Sif,Y!V NJdP U
U O × b
h
O bDYDfdNDYWP NO,QSif,Y!V N!`P Q
U Y × b Y bDYDfd	`,NJP YDYDf¸Sif,Y!V ODOP U
` O × Q
h























KML NDR!O,b!NJP `DRRDYJSed	fDV NDR!O,bDNJP UbDfYWSiO,NV N!RdaOD`P `YWd	fWSedaUV N!RdaO!`P U,R!O,bJSiODOV \^]M_
3
L
YWP YDQ,NUQQJSiOODV YWP YDQ,NUUQJSifUDV YP YQNWd	`DYWSXRDRDV YP YQNWdafbWSiUYDV \^]M_
c
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N!RDRDUDNJP Y!O,bNJSiOdaV NDR!O,NbPCd	`!f,RJSedQ!V \^]M_
3
ê
YWP YDQb!ff,NASedR!V YP YDQDbDOYYJSiU,N!V \^]M_
c
Od	NJP QDRQ Z Od!dP `DRN Z \^]M_
i
g
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Ú f Ú >L8Û × =Ô ÔÜÙ	><LﬁÚ >
ê
Ú f Ú >¬LÛ ÚåÛ \^]5_1Ü ?
hiÝ
Û pW]M_1Ü
N Ù!dÝÚYÚAYÚAYÛ × R ÙdÝÚAYÚYÚAYÛ R!fO¹YDQDUP QDYYJSedaf,Y!V b!UP f
f Ù!dÝÚådÝÚdÝÚAYÛ × N ÙdÝÚdÝÚ
h
dÝÚYÛ NDNDYYDYDfP Ub,NæSif,Y!V fP Y
f ÙaYÚAN¬ÚAYÚAYÛ × N Ù,YÚJN¬ÚYÚAYÛ NDN!U¹b!OaNJP bNDRSiO,YDY!V QN!f
b Ù!dÝÚådÝÚ
h
dÝÚAYÛ × f ÙdÝÚdÝÚådÝÚAYÛ fDOU¹`DQ,NJP QDb,NæSXRY!V QP N
b Ù!dÝÚådÝÚdÝÚAYÛ × f ÙdÝÚdÝÚ
h
dÝÚYÛ fRYbDb`WP Y!Uf¸Sif,Y!V UP Q
b ÙaYÚAN¬ÚAYÚAYÛ × f Ù,YÚJN¬ÚYÚAYÛ fRDU¹Y!OUP fQYSif,Y!V YP U
U Ù!dÝÚådÝÚdÝÚAYÛ × b ÙdÝÚdÝÚ
h
dÝÚYÛ bWd	f¹`!f,RWPCdDdYSXQY!V R!OP b
U Ù!dÝÚådÝÚ
h
dÝÚAYÛ × b ÙdÝÚdÝÚådÝÚAYÛ bWd`YDQYWP `D`bSXQY!V QNWP b
` Ù!dÝÚådÝÚdÝÚAYÛ × Q ÙdÝÚdÝÚ
h
dÝÚYÛ U`dQDQQWP U`bSXQY!V bWdP Q
` Ù!dÝÚYÚAYÚAYÛ × Q ÙdÝÚAYÚYÚAYÛ U`d`D`RWP RN!f¸SiO,Y!V daOP b
` Ù!dÝÚådÝÚ
h
dÝÚAYÛ × Q ÙdÝÚdÝÚådÝÚAYÛ U`Df¹Q!f,bWP UbDU¸SiO,Y!V NWP O
` ÙaYÚAN¬ÚAYÚAYÛ × Q Ù,YÚJN¬ÚYÚAYÛ QDY,NUDfdDPCd	QQSiO,Y!V Z YP b
dY Ù!dÝÚådÝÚ
h
dÝÚAYÛ × ` ÙdÝÚdÝÚådÝÚAYÛ Q!U,`ODO,RWP RN!U¸STNDY!V d	bP f
dY Ù!dÝÚYÚAYÚAYÛ × ` ÙdÝÚAYÚYÚAYÛ Q!U,``!O,bWP OdRSif,Y!V YP N
dY ÙaYÚAN¬ÚAYÚAYÛ × ` ÙdÝÚdÝÚådÝÚAYÛ QDQDO¹Q!U,bWP bNDYJSed	YY!V daUP O
dY Ù!dÝÚådÝÚdÝÚAYÛ × ` ÙdÝÚdÝÚ
h
dÝÚYÛ QDQ,NOdbWP R!U,bSXRY!V OQP Q
dY ÙaYÚAN¬ÚAYÚAYÛ × ` Ù,YÚJN¬ÚYÚAYÛ QD`,NNJdRWP N!RbSedY!V YP O
dd Ù!dÝÚådÝÚdÝÚAYÛ × d	Y Ù,YÚJN¬ÚYÚAYÛ `Db,NRWd	OP Q!OUWSed	YY!V f,NWP `
dd Ù!dÝÚYÚAYÚAYÛ × d	Y ÙdÝÚAYÚYÚAYÛ `DbDU¹QDRQWP YD``SiO,Y!V RPCd
dd Ù!dÝÚådÝÚdÝÚAYÛ × d	Y ÙdÝÚdÝÚ
h
dÝÚYÛ `DbDU¹`DbbWP Y!U,YSif,Y!V fdP N
dd Ù!dÝÚådÝÚ
h
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791 +  ν ú  [MHz]
HCN, vû 1 = 1
J = 9 <− 8
791 993.345 MHzü
852.0ý 857.0þ
791 GHz + ß ν  [MHz]
HCN 
(1, 1e, 0)
J : 9 <− 8
791 888.818



















804 GHz + X ν  [MHz]
HCN
(0, 4Y 0, 0)
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672 GHz + ß ν  [MHz]
SO+,  Ω = 1/2 f
J = 29/2 <− 27/2
672 555.000 MHz 
860.8 862.8ü 864.8ý 866.8þ
718 GHz +  ν [MHz]
SO+, Ω = 1/2 f
















70.0 72.0 74.0 76.0
811 GHz +  ν [MHz]
SO+, Ω = 1/2 e
J = 35/2 <− 33/2
811 073.210 MHz
104.5 109.5 114.5 119.5
954 GHz +  ν [MHz]
SO+, Ω=3/2
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